Abstract Previous research suggests that people living with HIV (PLWH) sometimes internalize HIV-related stigma existing in the community and experience feelings of inferiority and shame due to their HIV status, which can have negative consequences for treatment adherence. PLWH's interpersonal concerns about how their HIV status may affect the security of their existing relationships may help explain how internalized stigma affects adherence behaviors. In a cross-sectional study conducted between March 2013 and January 2015 in Birmingham, AL, 180 PLWH recruited from an outpatient HIV clinic completed previously validated measures of internalized stigma, attachment styles, and concern about being seen while taking HIV medication. Participants also self-reported their HIV medication adherence. Higher levels of HIV-related internalized stigma, attachment-related anxiety (i.e., fear of abandonment by relationship partners), and concerns about being seen by others while taking HIV medication were all associated with worse medication adherence. The effect of HIV-related internalized stigma on medication adherence was mediated by attachment-related anxiety and by concerns about being seen by others while taking HIV medication. Given that medication adherence is vitally important for PLWH to achieve long-term positive health outcomes, understanding interpersonal factors affecting medication adherence is crucial. Interventions aimed at improving HIV treatment adherence should address interpersonal factors as well as intrapersonal factors.
Introduction
Current estimates by the Center for Disease Control (CDC) place the number of people living with HIV (PLWH) in the United States (U.S.) at 1.24 million [1] . Within the U.S., the Deep South region has been characterized as the epicenter of the HIV epidemic, with HIV incidence and fatality rates reported to be the highest in the nation [2] . Furthermore, conservative political and religious leanings combined with lower levels of education may facilitate a more hostile social environment for PLWH in the Deep South [3] [4] [5] [6] .
Although significant health disparities in treatment outcomes exist throughout the U.S., testing positive for HIV is no longer a death sentence. Improvements in antiretroviral therapy (ART) have resulted in reduced mortality rates, increases in quality of life, as well as reduced likelihood of transmission to others. However, these favorable outcomes can only be achieved with sustained and optimal medication adherence over time [7, 8] . Despite the importance of adherence to ART, achieving high and consistent levels of adherence remains challenging for many PLWH [9] [10] [11] . It may be useful to apply insights from social psychology to examine the role of specific interpersonal processes in medication adherence for PLWH, especially in the Deep South, where HIV-related stigma may be a very important social factor [2] [3] [4] [5] [6] 12] .
HIV-Related Stigma
Conceptualizations of HIV-related stigma have evolved over the years to an understanding that stigma is a complex social process [13] in which individuals with a socially devalued characteristic (in this case, HIV infection) may experience prejudice, stereotyping, labeling, or devaluation [14] [15] [16] . As a result of HIV-related stigma, PLWH can experience discrimination, rejection, and social exclusion in their daily lives, which is referred to as experienced or enacted stigma. In addition, some PLWH may anticipate negative attitudes and acts of discrimination because of their HIV status, which is referred to as anticipated stigma [17] .
Furthermore, stigma can be internalized when PLWH endorse and adopt assumptions about their ''spoiled'' identity [18] due to having HIV, and experience feelings of shame and inferiority. It is possible that people with a stigmatized condition have higher internalized stigma in regions and communities where a particular stigma is stronger (e.g., the U.S. Deep South) [19, 20] . The diminished view of self associated with internalized HIV stigma can lead to maladaptive health behaviors such as avoiding taking HIV medications. Several studies examining the association between internalized HIV-related stigma and medication adherence provided support for this association [21] [22] [23] [24] , although some studies failed to find a significant association between internalized HIV-related stigma and medication adherence (e.g., [25] ).
Identifying mediating mechanisms in the association between internalized HIV stigma and sub-optimal medication adherence is important for both theoretical and practical reasons. Previous research has suggested that internalized stigma is linked to a variety of intrapersonal problems such as depression and poor mental health [26] , which may explain the negative effects of internalized HIV stigma on medication adherence. Research has supported the hypothesis that the association between internalized HIV stigma and sub-optimal medication adherence is mediated by depression and mental health problems [22, 24, 27] . However, research examining the mediating role of interpersonal factors is more scarce. There is evidence that internalized stigma is associated with some interpersonal factors such as loneliness and lower social support [19, 28, 29] , which may mediate the association between internalized HIV stigma and poor medication adherence [24] . However, to our knowledge, no studies have examined the association of other important interpersonal constructs, such as attachment styles and interpersonal worry, with medication adherence; and more importantly, the mediating role of these interpersonal factors in the association between internalized HIV stigma and poor medication adherence.
Attachment-Related Anxiety
Attachment style, a construct related to patterns of relating in close relationships, is one of the most frequently studied interpersonal constructs in social psychological research [30] . According to attachment theory [31, 32] , people develop attachment styles, which guide their intimate relationships throughout their lives. A secure attachment style is characterized by being comfortable in giving and receiving support in relationships and perceiving one's self as competent in dealing with stressors. There are two insecure attachment dimensions: attachment-related anxiety and attachment-related avoidance. Attachment-related anxiety is characterized by a negative self-image, chronic worries about relationship partners' availability, fears of abandonment, and a need for frequent validation and support from partners. Attachment-related avoidance is characterized by feelings of discomfort with emotional intimacy and a reluctance towards giving and receiving support during times of stress. Applying these constructs to health research, investigators have found that attachment styles predict treatment adherence in several chronic diseases such as diabetes [33] and lupus [34] .
Although a person's attachment style is moderately stable once formed, considerable evidence suggests that it can be altered over time via attachment-related experiences, such as negative evaluation by close others in the form of criticism, disapproval, rejection, and abandonment [35] [36] [37] [38] (for a comprehensive review see Mikulincer and Shaver's book on adult attachment 30). However, not everyone facing criticism and rejection shifts toward insecure attachment styles [39] . Davila and Cobb [40] argue that, ''… the effect of events on change in attachment models might be cognitively mediated through subjective perceptions'' (pp. 143-144). Findings of Davila and Sargent [41] support this view: In their diary study, negative interpersonal experiences on a certain day predicted decreases in self-reported attachment security on that day (a within-person association), especially when participants construed these events as damaging their status in their relationships. Thus, living with HIV and facing stigma and discrimination by close others may shift PLWH toward insecure attachment, especially if their subjective perceptions of themselves and their perceived position in their relationships become more negative. It is plausible that PLWH who have high levels of internalized stigma (i.e., AIDS Behav (2017) 21:238-247 239 subjective feelings of being inferior due to living with HIV) show higher levels of insecure attachment (particularly attachment-related anxiety). We hypothesized that attachment-related anxiety may be associated with poorer medication adherence for PLWH, because taking medication around loved ones may lead to exacerbated worries about rejection and abandonment. To avoid these interpersonal concerns, PLWH may seek opportunities to take their pills in seclusion, but often at the cost of failing to meet the demands for being consistent with their medication [42, 43] . Similarly, attachment-related avoidance should be associated with worse treatment adherence since avoidance of distressing situations is a defining characteristic of attachment-related avoidance. Thus, theoretically, it is plausible that attachment-related anxiety and attachment-related avoidance are among the mechanisms that mediate the association between internalized stigma and sub-optimal medication adherence.
Concerns About Being Seen While Taking HIV Medication
Theoretically, concern about being seen while taking HIVmedication is closely related to attachment-related anxiety and internalized stigma. According to previous research, this concern is related to efforts made by PLWH to avoid negative evaluation by others and has been linked to poor medication adherence [43] . However, no studies have linked this concept to a larger interpersonal paradigm like attachment styles. Mapping the role of concern about being seen while taking HIV medication to larger theoretical constructs such as internalized stigma and attachment-related anxiety may lead to a more accurate understanding of the interpersonal mechanisms leading to poor medication adherence for PLWH.
Current Research and Hypotheses
In a cross-sectional study, we investigated the association between attachment styles and HIV medication adherence, as well as the mediating role of attachment styles in the association between internalized stigma and medication adherence. We also examined the role of concern about being seen while taking HIV medication as another mediating mechanism explaining the association between internalized stigma and HIV medication adherence. Combining these hypotheses, we expected a chain effect of internalized stigma in a sequential way (i.e., internalized stigma is associated with attachment-related anxiety, which in turn leads to concern about being seen while taking HIV medication, which in turn leads to poor medication adherence). We recognized that alternative directionalities for these relationships were also theoretically plausible (e.g., attachment anxiety could lead to internalized HIV stigma) and tested alternative models along these lines as well.
Methods Participants
The study was conducted between March 2013 and January 2015 in Birmingham, AL. Patients from an outpatient HIV clinic at the University of Alabama at Birmingham were invited to participate in separate research visits, providing written informed consent to participate in this IRB approved research protocol. Exclusion criteria included not being on ART medication and/or being a current substance user. Patients who agreed to participate (N = 198) completed study measures as part of a larger study on daily experiences living with HIV [44] . Participants were compensated $30 for completing the questionnaires. In the current analyses, 180 participants without missing data on the primary study variables were included. 1 The date when each participant initiated ART medication was extracted from the clinic data. Demographic information was obtained through self-report and cross-checked with clinic data.
Measures

Medication Adherence
To assess adherence, we used a single-item self-report scale. Previous research suggests that this single item scale is a valid measure of adherence [45, 46] . Participants reported their ability to take all of their anti-HIV medications that were prescribed using a 6-point rating scale ranging from 1 (very poor) to 6 (excellent). The scores on this measure were not normally distributed, with 128 participants reporting excellent adherence and 52 reporting less than excellent adherence. Therefore, this measure was dichotomized: Excellent adherence (1) versus less than excellent adherence (0). Although self report tends to overestimate adherence, prior research has consistently demonstrated the negative predictive value of any self-reported non-adherence (i.e., less than excellent adherence [47] ).
Internalized Stigma
Participants responded to a multi-dimensional HIV stigma scale developed by Berger et al. [19] and revised by Bunn et al. [48] . For the purposes of testing our hypotheses, we focused on the 7-item internalized stigma subscale. This Likert-type scale (using ratings from 1-strongly agree to 4-strongly disagree) included items such as ''Having HIV in my body is disgusting to me'' and ''I feel guilty because I have HIV.'' This measure showed high internal consistency in the present study (Cronbach's a = .85). The mean of the seven items was reverse coded and utilized as the variable of interest. Higher scores reflect higher internalized stigma.
Attachment Styles
We used a shorter 18-item version of the most widely used attachment style measure: Experiences in Close relationships (ECR; [32] ). ECR assesses two dimensions of insecure attachment: anxiety and avoidance. A sample item of the anxiety scale is ''I worry about being abandoned,'' and a sample item of the avoidance scale is ''I am nervous when partners get too close to me.'' Participants rated each item on a 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). In the present data, both anxiety and avoidance scales showed high internal consistency; Cronbach's a = .89 for both dimensions. Attachment-related anxiety and attachment-related avoidance showed a substantial correlation (r = .61, p \ .001).
Concern About Being Seen Taking HIV Medication
To our knowledge, there is not a multi-item scale assessing this construct. However, we found two items from two different measures that tap into this construct: (a) The item ''I don't want people to see me take my HIV medicines'' from the Patient Medication Adherence Questionnaire Version 1.0 (PMAQ-V1.0 [49] ), and (b) The item ''Did not want others to notice you taking medication'' from the Adult AIDS Clinical Trial Group Adherence to Combination Therapy (AACTG) Questionnaire [50] . Participants' responses to these items were standardized (i.e., transformed into z scores by subtracting the sample mean from each score and then dividing by the sample standard deviation, so that the two items would be comparable) and averaged. Higher scores indicate higher concern about being seen while taking HIV medication.
Data Analyses
First, descriptive statistics and bivariate Pearson correlations among the study variables were calculated. In all of the analyses, the following covariates were controlled: age, racial identity, gender identity, socioeconomic status, and duration of ART use. A logistic regression analysis was used to test whether attachment-related anxiety is associated with medication adherence (a dichotomous outcome) by entering attachment-related anxiety and the covariates simultaneously as independent variables. Similar logistic regression analyses were conducted using attachment-related avoidance or concern about being seen while taking HIV medication, or internalized stigma (in addition to the covariates) as the independent variable instead of attachment-related anxiety. Multiple regression analyses were used to assess the associations between internalized HIV stigma and attachment-related anxiety or concern about being seen while taking HIV medication (again controlling for the covariates using simultaneous entry for all independent variables).
To test for the mediating effects of our interpersonal factors (attachment-related anxiety, concerns about being seen while taking HIV medication) in the stigma-adherence relationship, we calculated bias-corrected 95 % confidence intervals (CIs) for indirect effects using bootstrapping with the Process procedure developed by Hayes [51] . We also calculated indirect effects to test a serial mediation hypothesis that stigma leads to attachment-related anxiety, which in turn leads to concerns about being seen while taking HIV medication, which in turn leads to lower medication adherence (see Figs. 1, 2, and 3) . Like all other analyses, all mediation analyses controlled for the covariates mentioned above. An alpha level of 0.05 was used for all analyses.
Results
Of the 180 participants 62 % were Black and 64 % were male, with an average age of 45.37 years (SD = 10.96). Descriptive statistics and bivariate correlations among the study variables are presented in Tables 1 and 2 . As seen in Table 2 , internalized HIV stigma, attachment-related avoidance, attachment-related anxiety, and concern about being seen while taking HIV medication were moderately correlated. In separate analyses, both attachment-related anxiety (see Table 3 ) and attachment-related avoidance were significantly associated with poorer medication adherence (controlling for the covariates; adjusted odds ratio (AOR) = 0.66, p = .001, 95 % CI (0.51, 0.84) and AOR = 0.70, p = .01, 95 % CI [0.53, 0.91], respectively). However, when both attachment dimensions were entered simultaneously, only attachment-related anxiety was significantly associated with poorer medication adherence (controlling for the covariates; AOR = 0.70, p = .02, 95 % CI (0.52, 0.95) and AOR = 0.87, p = .39, 95 % CI [0.63, 1.20], respectively for anxiety and avoidance). 2 An odds ratio of 0.70 corresponds to an odds ratio of 1.43 when attachment-related anxiety scores are reverse coded (i.e., higher scores reflect lower attachment-related anxiety), which suggests that the odds of optimal adherence increases 43 % for each scale point decrease in attachmentrelated anxiety.
Internalized stigma was significantly associated with higher attachment-related anxiety (b = 0.46, t = 7.52, p \ .001) as well as higher attachment-related avoidance (b = 0. 46 , suggesting that attachment-related anxiety mediates the effect of internalized stigma on adherence (see Fig. 1 ). 3 We also tested the alternative hypothesis that internalized HIV-related stigma mediates the association between attachment-related anxiety and sub-optimal adherence, which yielded a non-significant indirect effect [B = -0.46, SE = 0.08, 95 % CI (-0.20, 0.11)].
Concern about being seen while taking HIV medication was also significantly associated with poorer medication adherence (controlling for the covariates, AOR = 0.45, p = .001, 95 % CI (0.29, 0.71). Furthermore, internalized stigma was significantly associated with concern about being seen taking HIV medication, (b = 0.49, t = 8.00, p \ .001). 4 When internalized stigma was entered simultaneously with concern about being seen while taking HIV medication, the effect of concern about being seen while taking HIV medication remained significant [AOR = 0.49, p = .007, 95 % CI (0.29, 0.82)], while internalized stigma became non-significant [AOR = 0.83, p = .56, 95 % CI (0.44, 1.56) ].
Next, we tested for a mediating effect of concern about being seen while taking HIV medication in the relationship between internalized stigma and medication adherence. Again, we calculated bias-corrected 95 % CI using bootstrapping with the Process procedure. The indirect effect of internalized stigma through concern about being seen while taking HIV medication was significant, [B = -0.44, SE = 0.21, CI (-0.87, -0.07)], suggesting that this interpersonal factor also mediated the effect of internalized stigma on adherence (see Fig. 2 ).
Serial mediation assumes ''a causal chain linking the mediators, with a specified direction of causal flow'' [51] (p. 14). To better understand the effects of our interpersonal factors, we tested the serial mediation model depicted in Fig. 3 : Internalized stigma leads to attachment-related anxiety, which leads to concern about being seen while taking HIV medication, which in turn leads to poor medication adherence. The bias-corrected 95 % CI suggested a significant indirect effect for serial mediation; the indirect effect of internalized stigma on medication adherence through attachment-related anxiety and then through concern about being seen while taking HIV medication was significant, [B = -0.10, SE = .07¸CI (-0.26, -0.004)] (See Footnote 3).
Discussion
The results of this study support the hypothesis that attachment patterns and concerns about being seen while taking HIV medication are associated with sub-optimal HIV medication adherence and mediate the relationship between internalized HIV-related stigma and sub-optimal medication adherence. Results of our serial mediation analysis further elucidated a potential multi-variable chain mechanism, suggesting that stigma is associated with attachment-related anxiety, which in turn is associated with concerns about being seen while taking HIV medication, which in turn is associated with sub-optimal medication adherence. Internalizing social stigma likely creates negative appraisals of self, leading to anxiety and expectations ART antiretroviral therapy 3 The indirect effect was also significant when controlling for avoidance. 4 Concern about being seen taking HIV medication was not normally distributed (Kolmogorov-Smirnov z = 2.20, p \ .05). However, a regression analysis using bootstrapping (with 1000 bootstrapping samples), which does not require a normal distribution, yielded very similar results.
AIDS Behav (2017) 21:238-247 243 of negative judgment from others, both of which are likely to result in sub-optimal medication adherence. Future research should further examine the pathways for the effects of other types of HIV-related stigma (e.g., anticipated or experienced stigma) on medication adherence and on other outcomes [17] . Does anticipated or experienced stigma affect medication adherence differently? What are the complex mechanisms in the joint effects of different types of HIV-related stigma on outcomes? What is the nature of these effects in places where HIV-related stigma is strong in the community? As mentioned above, our results suggest that internalized stigma leads to attachment-related anxiety. However, the alternative hypothesis that attachment-related anxiety would lead to internalized stigma is also plausible, given that there is evidence for attachment patterns being stable as well as malleable due to experience [30] . Our analyses did not support this alternative hypothesis: the mediating effect of internalized stigma in the attachmentrelated anxiety and sub-optimal adherence was not significant. However, future research is needed to elucidate the direction of these relationships using longitudinal study designs. Attachment-related avoidance was also associated with sub-optimal medication adherence. However, when entered together with attachment-related anxiety, the effect of attachment-related avoidance on medication adherence was no longer significant. In our sample of PLWH, the correlation between attachment-related anxiety and attachment-related avoidance was r = .61, which is substantially higher than the correlation found in non-clinical samples (which is around r = .15 according to a metaanalysis [52] ). The high correlation we observed may be due to higher interpersonal concerns within this sample of people living with HIV, and the problem of multicollinearity might have attenuated the observed effect of attachment-related avoidance in our analyses. It is also possible that the effect of attachment-related avoidance is mediated by attachment-related anxiety, leading to a nonsignificant effect of attachment-related avoidance when entered together with attachment-related anxiety.
Findings of the current investigation support the hypothesis that the interpersonal factors attachment-related anxiety and concerns about being seen while taking HIV medication may mediate the relationship between internalized HIV stigma and sub-optimal medication adherence. Targeted interventions aimed at addressing these interpersonal factors may help to improve medication adherence and HIV-treatment outcomes overall. PLWH can learn to develop effective coping strategies designed to increase their self-esteem and reduce interpersonal relationship anxiety. Interventions utilizing Cognitive Behavioral Therapy techniques have shown some success in reducing perceived stigma in other domains by fostering empowering discussions on the illegitimacy of stigmatizing attitudes and encouraging group members to think about how they respond to such stigma [53, 54] . PLWH's feelings of alienation due to their HIV status may be helped by having opportunity to meet other PLWH and seek social support from others who can best empathize with their situation. In addition to these strategies, interventions can also target relationship partners of PLWH in an effort to reduce the negative interpersonal effects of HIV-related stigma. Interventions targeting couples have yielded promising results in randomized controlled trials [55] . If partners of PLWH could improve their understanding of the relationship insecurities of their partners, and learn to make their partners feel more confident about their relationship, this may help PLWH to engage in less deleterious coping AOR adjusted odds ratio, ART antiretroviral therapy behaviors, improving adherence [54] . Utilizing all of these methods with loved ones, others living with HIV, and sensitive caregivers, PLWH may show better resilience against stigma and interpersonal concerns that get in the way of optimal medication adherence. This study had some limitations. Because our analyses utilized self-report measures, our findings are limited to the validity of those self-reports. Our study was cross-sectional and relied on questionnaire measures, which precludes causal inferences (even though our mediation models are supported by theory and previous research). Future research is needed to elucidate the direction of these relationships using longitudinal study designs. Future research can also utilize non-questionnaire measures such as the experience sampling method (also known as ecological momentary assessment), which is beginning to be utilized in HIV research [44] . All of the participants were recruited from a single HIV clinic located within a research university, which provides comprehensive social work and clinical services. It is possible that the high quality of comprehensive care that the clinic provides limits generalizability of our findings. Furthermore, our sample did not include current substance users, which also limits the generalizability of our findings.
Although research on HIV-related stigma and adherence has suggested that internalized stigma is important in understanding adherence to HIV medications, there is a paucity of research examining the mediating mechanisms involved. The few existing studies on mediating mechanisms have mainly focused on intrapersonal factors such as depression [22, 24] . Given that stigma is an interpersonal construct by definition, it is surprising that previous research has not examined attachment styles and related interpersonal constructs as predictors of medication adherence or as mediating mechanisms in the stigma-adherence association.
The present results suggest that those PLWH with higher attachment-related anxiety and avoidance are less likely to adhere to HIV medications, with attachment-related anxiety mediating the effect of internalized stigma on sub-optimal medication adherence. Given the complex multi-variable relationship between internalized stigma, negative interpersonal factors, and medication adherence, there is a need for further research aimed at investigating these and other interpersonal factors in more detail. Future studies examining the role of attachment styles in the larger nomological network of associated interpersonal constructs may provide a clearer model for understanding health outcomes for PLWH. It is suggested that interventions aim to target multiple interpersonal factors, including stigma, coping styles, and attachment styles, as these factors may prove critical in improving HIV treatment outcomes overall.
